INTRODUCTION {#JENB_2016_v20n1_36_sec1}
============

Obesity is associated with an increased cardiovascular mortality. Structural and functional changes to thecardiovascularsystem in obesity include ventricular hypertrophy, diastolic dysfunction, and aortic stiffness^[@JENB_2016_v20n1_36_B1],[@JENB_2016_v20n1_36_B2]^. Virtually all arteries including the aorta are surrounded by significant amounts of perivascular adipose tissue^[@JENB_2016_v20n1_36_B3]^.Regarding cardiovascular risk factors, obesity is associated with increased aortic pulse wave velocity^[@JENB_2016_v20n1_36_B4]^ and predominantly distal patternsof aortic stiffness. According to a review article that discussed obesity and the aorta^[@JENB_2016_v20n1_36_B5]^, obese individuals have excess abdominal visceral fat, which is a better predictor of cardiovascular and metabolic risk than total body fat alone and is also linked to altered vascular function^[@JENB_2016_v20n1_36_B2]^.

L-arginine is an important amino acid and precursor in the biosynthesis of various biologically important compounds such asproteins, nitric oxide (NO), agmatine, creatine, urea, and polyamines^[@JENB_2016_v20n1_36_B6]^. It has been shown that arginine is the only substrate for NO production and that arginine has a crucial effect on the functioning of the cardiovascular system. In the previous studies, arginine exerted aregulatory effect on vascular homeostasis in hypertensive and diabetic patients and in healthy individuals^[@JENB_2016_v20n1_36_B7],[@JENB_2016_v20n1_36_B8],[@JENB_2016_v20n1_36_B9],[@JENB_2016_v20n1_36_B10]^.

Exercise training,in particular aerobic exercise, produced predictable changes in body composition including increased skeletal musculature and decreased fat mass. More importantly, physical activity with endurance training has been known to improve cardiovascular function in human and experimental animals^[@JENB_2016_v20n1_36_B11],[@JENB_2016_v20n1_36_B12]^. Long-term aerobic exercise markedly improved abnormal hemorheologic properties and oxidative stress in hypercholesterolemicrats. It has been shown that aerobic training positivelyaffects free radicals, lipid peroxides, and the prevention and treatment of cardiovascular disease^[@JENB_2016_v20n1_36_B13],[@JENB_2016_v20n1_36_B14]^.

However, there is a lack of research on the effects of endurance training on obesity resulting in increased inflammatory responseand antioxidant enzymes. Therefore, we investigated the effectsof exercise and arginine on the inflammatory markers(including NF-κB, TNF-α, COX-2) and Cu-Mn SOD expression in the aortasof high-fat-diet-induced obese rats.

METHODS {#JENB_2016_v20n1_36_sec2}
=======

Experimental animals {#JENB_2016_v20n1_36_sec2-1}
--------------------

Fifty 6-month-old male Sprague-Dawley rats were obtained from Samtako Bio (Osan, Korea) for the experiment. The experiment was performed following 1 week of environmental adaptation and randomization. Eight rats were randomly assigned to one of the following four experimental groups: HF-Con: high-fat diet, HF-Ex: high-fat diet and exercise, HF-EX+A: high-fat diet and combined treatment of exercise and arginine, HF-A: high-fat diet and arginine.

High fat diet {#JENB_2016_v20n1_36_sec2-2}
-------------

Rats in the high-fat-diet groups were fed with high-fatchow (Samyang Co., Korea) thatconsisted of 60% fat in total calories. Each experimental animal was cared for with the high-fat diet shown in [Table 1](#JENB_2016_v20n1_36_T1){ref-type="table"} for 12 weeks following the 1-week environmental adaptation with mixed solid chow.

###### High-fat diet composition

  Ingredient           Content (g/kg)
  -------------------- ----------------
  Casein               200
  L-Cystine            3
  Maltodextrin         125
  Sucrose              68.8
  Cellulose            50
  Soybean Oil          25
  Lard                 245
  Mineral Mix          10
  DiCalcium            13
  Phosphate            5.5
  Calcium              16.5
  Carbonate            10
  Potassium Citrate    2
  Vitamin Mix          10
  Choline Bitartrate   2

L-arginine administration {#JENB_2016_v20n1_36_sec2-3}
-------------------------

The L-arginine (Sigma-Aldrich, St. Louis, MO, USA) administration method in Lee et al.^[@JENB_2016_v20n1_36_B15]^ was applied. L-arginine was mixed with saline and orally administered with 150 mg/kg once a day at the same time for 12 weeks in the HF-A and HF-Ex + Agroups. For HF and EX, the same amount of saline was given via oral administration.

Exercise protocol {#JENB_2016_v20n1_36_sec2-4}
-----------------

The exercise intervention method of Lee et al.^[@JENB_2016_v20n1_36_B15]^ was applied in this study. The rats performed the exercise 6 times per week for 12 weeks on the rodent treadmill at 0% incline. The initial treadmill speed was set to 15, and 2 m/ min wasadded every 2 weeks to simulate the intensity and effect of exercisetraining. The maximal treadmill speed was limited to 20m/min in the last 2 weeks.

Tissue preparation and western blotting {#JENB_2016_v20n1_36_sec2-5}
---------------------------------------

After the experimental period, all rats were fasted for 12 hours and anesthetized with a ketamine/xylazine mixture. The aorta was rapidly removed and washed in a phosphatebuffered solution (PBS). Sampled tissues were homogenized in lysis buffer (Cell Signaling Technology, Danvers, MA) with PMSF at 4°C and centrifuged (13,000 x g). The protein content of each sample was determined by the Bradford method (1976)^[@JENB_2016_v20n1_36_B16]^ with bovine serum albumin as a standard. Protein samples (35 μg) were boiled with 5x sample buffer, electrophoresed on polyacrylamide gels, and transferred to a nitrocellulose membrane at 15V overnight. The membrane was washed, blocked, and incubated with antibodies to detect NF-κB, TNF-α, COX-2 (Cell Signaling, Danvers, MA, State, 1:1000), Cu-SOD, and Mn-SOD (1:1500; Chemicon, Temecula, CA, USA) for 12 hr at 4°C. HRP-linked secondary antibody (1:5000; Santa Cruz Biotechonology, Santa Cruz, CA, USA) was added for 1 hr at room temperature. The membranes were washed and visualized by autoradiography after development with an ECL Plus Kit (GEHealthcare Bio-Sciences Crop, Piscataway, NJ, USA). ß-actin was used as an internal control. Densitometry was performed with gel documentation equipment (Gel Doc 2000, Quantity One, Bio-Rad, Hercules, CA, USA).

Statistical Analysis {#JENB_2016_v20n1_36_sec2-6}
--------------------

All data are expressed as means ±S.E.M. and analyzed by two-way ANOVA (GraphPad software, GraphPad, Santiago, CA, USA) using the procedures in SPSS software (SPSS Inc, 12.0, Chicago, IL) with Bonferroni posttests. p\< 0.05 was considered statistically significant.

RESULTS {#JENB_2016_v20n1_36_sec3}
=======

Inflammation-related factors including NF-κB, TNF-α, and COX-2 were evaluated after exercise and arginine intervention in obese rats. As shown in[Fig. 1](#JENB_2016_v20n1_36_F1){ref-type="fig"}, NF-κBexpression decreased significantly (p\<0.05) in HF-Ex . We also found the most potent effect (p\<0.01) on NF-κBexpression in HF-Ex+A. TNF-αexpression decreased significantly (p\<0.01) in HF-Ex, FH-Ex+A, and FH-A; however, there was no additional or synergistic effect of combined treatment. Similar toNF-κBexpression, COX-2 expression decreased significantly in HF-Ex. In addition, COX-2 in FH-Ex+A and HF-A showed lower expression than did HFEx. However, there was no significant difference between HF-Ex+A and HF-A ([Fig. 1](#JENB_2016_v20n1_36_F1){ref-type="fig"}). The expression of the antioxidant enzyme Cu-Mn SOD was measured after exercise and arginine intervention in obese rats. In Cu-SOD expression, there was no difference between HF and HF-Ex, but significant increases (p\<0.01) inCu-SOD werefound in HF-Ex+A and HF-A. Similar to Cu-SOD, the expression of Mn-SOD was significantly increased in HF-Ex+A and HF-A but not in HF-Ex ([Fig. 2](#JENB_2016_v20n1_36_F2){ref-type="fig"}).

![Effectsof exercise and arginine treatment on the expression of inflammation-related factors such as Nf-kB, TNF-a, and COX-2 in high-fatdiet-induced obese rats. Data are presented as mean ±S.E.M. \*p\<0.05 and \*\*p\<0.01 vs. HFCon. HF-Con: high-fat diet, HFEx: high-fat diet and exercise, HF-EX+A: high-fat diet and combined exercise and arginine, HF-A: high-fat diet and arginine.](JENB_2016_v20n1_36_f001){#JENB_2016_v20n1_36_F1}

![Effectsof exercise and arginine treatment on the expression of Cu-SOD and Mn-SOD in high-fat-diet-induced obese rats. Data are presented as mean ±S.E.M. \*p\<0.05 and \*\*p\<0.01 vs. HF-Con. HF-Con: high-fat diet, HF-Ex: high-fat diet and exercise, HF-EX+A: high-fat diet and combined exercise and arginine, HF-A: high-fat diet and arginine.](JENB_2016_v20n1_36_f002){#JENB_2016_v20n1_36_F2}

DISCUSSION {#JENB_2016_v20n1_36_sec4}
==========

In the present study, we found that exercise and arginine treatment significantly decreased inflammatory responses including NF-κB, TNF-α, and COX-2 expressions in the aortasof high-fat-diet-induced obese rats. In addition,-Cu-SOD and Mn-SOD expressions increased significantly in the exercise and argininetreatmentgroup. High-fat diets are generally used by researchers to induce obesity, lipid accumulation, and atherosclerosis vascular disease in rodents17, and studies have shown that a high-fat diet and lack of physical exercise are the most important factors in developing obesity. Therefore, based on our results, exercise and arginine treatment might have positive effects on inflammatory response and antioxidant enzyme expression.

Chronic vascular inflammation is afundamental mechanism invascular diseases associated with variety of risk factors, contributing to the pathogenesis of atherosclerosis and plaque rupture and leading to acute coronary syndrome^[@JENB_2016_v20n1_36_B34]^. At the cellular and molecular levels, oxidative stress, vascular inflammation, and endothelial cell dysfunction can result, which is mainly reflected vasoprotective endothelial NO bioavailability^[@JENB_2016_v20n1_36_B31]^. According to a recent review article^[@JENB_2016_v20n1_36_B32]^, the role of inflammation and the underlying mechanismsin atherogenesis and atherothrombosis are comprehensively reviewed and discussed by many reports. In addition, a number of recent high-profile reports have demonstrated the requirement for components of the NF-κB signaling apparatus in developing metabolic disease including obesity ^[@JENB_2016_v20n1_36_B36]^.

Nitric oxide, a product of arginine, is generated by the three isomorphic forms of nitric oxide synthase (NOS): neuronal NOS (nNOS), inducible NOS (iNOS) and endothelial NOS (eNOS), which are widely expressed in virtually all vascular cell types^[@JENB_2016_v20n1_36_B18],[@JENB_2016_v20n1_36_B19],[@JENB_2016_v20n1_36_B20]^. NO influences a number of metabolic, biosynthetic, signaling, and membrane transport processes^[@JENB_2016_v20n1_36_B19],[@JENB_2016_v20n1_36_B21]^, and one of itsimportant roles is regulating vascular tone and structure^[@JENB_2016_v20n1_36_B19],[@JENB_2016_v20n1_36_B22]^. In previous reports, acute and chronic arginine treatment improve endothelial function in hypercholesterolemia and atherosclerosis models^[@JENB_2016_v20n1_36_B23]^. Increased plasma arginine concentration leads to increased production of both vascular and systemic NO^[@JENB_2016_v20n1_36_B24],[@JENB_2016_v20n1_36_B25],[@JENB_2016_v20n1_36_B26]^. Stimulated NO production leads to relaxed vascular smooth muscle cells^[@JENB_2016_v20n1_36_B19],[@JENB_2016_v20n1_36_B27]^,and reduced bioavailability of NO as a result of either decreased NOS production or increased breakdown by reactive oxygen species (ROS) is implicated in the development of various vascular disorders^[@JENB_2016_v20n1_36_B28],[@JENB_2016_v20n1_36_B29],[@JENB_2016_v20n1_36_B30]^.

Oxidative stress is characterized bythe excess production of oxidant molecules that overwhelm the antioxidant defense systems, resulting in oxidative damage^[@JENB_2016_v20n1_36_B31]^. Multiple enzymes involved in oxidative stress within the vascular wall can be stimulated or up-regulated in the presence of cardiovascular risk factors, leading to excess ROS production and cellular damage^[@JENB_2016_v20n1_36_B31],[@JENB_2016_v20n1_36_B32]^. In addition, superoxide anion (O2-) is the parent ROS molecule produced by one electron reduction of oxygen catabolized by various enzymes including cycolooxygenase, lipoxygenases, and cytochrome P459 enzymes^[@JENB_2016_v20n1_36_B33]^. In addition, SOD and glutathione peroxidase activity in individuals with obesity is significantly lower compared with that in healthy persons, having implications for the development of obesity-related health problems^[@JENB_2016_v20n1_36_B35]^.

In our study limitation, we did not measure and evaluate inflammatory responses such as pro-inflammatory cytokines and chemokines in circulation, and it is necessary to evaluate the changes in vascular structure such as vascular fibrosis and stiffness that are affected by obesity or combined exercise and arginine treatment. It might be more powerful to measure the other antioxidant enzymes such as catalase and glutathion peroxidase. Furthermore, enzyme activity must also be investigated in addition to enzyme expressionfor the better understanding of substrate utilization.

In the present study, exercise and argininetreatment significantly attenuatedthe inflammatory response with increasedantioxidantenzymes and Cu-Mn SOD expression in the aortas of high-fat-diet-induced obese rats. Based on the previous reports and our results, combined exercise and arginine treatment might be effective for modulatingvascular inflammation and oxidative stress in obesity. Future studies should identify the optimal exercise intensity or duration considering arginine dose for treating obesity-induced vascular dysfunction.
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